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Abstract

Tillamook County is a rural county straddling the Northern Oregon Coast Range
with the majority of the local economy based around agriculture, timber, tourism, and
fishing. As part of Tillamook County’s mission statement, they strive“to enhance the quality
of life for its citizens by promoting and preserving public health and safety, maintaining a
stable economy, encouraging wise use of resources, and providing services in the most
efficient and cost-effective manner possible.” To that end, Tillamook County, Tillamook
County Economic Development Council (TCEDC), Portland State University, Oregon State
University, and Tetra Tech have undergone an evaluation and technology assessment
process to determine a sustainable, economically-viable, and socially-acceptable pilot
installation capable of dealing with the large amount of biodegradable waste produced by
the timber and dairy industries. This survey provides a technology assessment and
recommendations regarding three potential technologies: thermophilic composting,
gasification/pyrolysis, and direct incineration. Each of these technologies have strengths
and weaknesses in dealing with the three waste streams (manure, bovine carcasses, and
timber slash), and this analysis works as a decision-making guide for choosing the proper
technology or array of technologies to dispose of Tillamook County’s biodegradable waste.

Introduction

Driving this assessment is Tillamook County’s need to better manage the large
streams of biodegradable waste generated from two of its largest industries: timber and
dairy farming. The three primary waste products under evaluation for an environmentallyconscious, economically-feasible waste management and treatment program are manure,
timber slash, and bovine carcasses. These three primary waste streams are currently dealt
with utilizing low-cost, standard practices of disposal. Manure from dairy operations is
land-applied to grazing paddocks and naturally decomposed as a fertilizer. Timber slash is
piled up at the harvesting site and burned in open fires. The bovine carcasses need to be
removed immediately, and they are currently shipped a considerable distance to be
landfilled.
The dairy industry in Tillamook consists of 110 local dairies with a herd of
approximately 32,000 milking cows. This herd produces an estimated 233 million gallons,
or 96,000 dry tons of manure per annum[1]. With this large herd, bovine mortalities are a
daily occurrence and disposal of the carcasses averages 1,739 tons per year. Timber slash
is the remnants discarded in the timber harvesting process which is estimated at 24,000
tons per year.
This assessment will help guide Tillamook County’s next steps: determining the
most appropriate and mature technologies to explore in-depth with the focus on a pilotscale facility capable of showing a proof-of-concept for a larger scale plant sometime in the
future.

Technology Assessment Framework

Because of the myriad of technologies and choices available in the treatment and
disposition of these various biodegradable wastes, it becomes prudent to utilize a decision
making implement to guide our survey and assessment process. Technology Assessment
(TA) was formalized through the creation of the United States Office of Technology
Assessment in the late 1960’s. This Office understood that “Congress needed an earlier
awareness, an earlier warning, and an earlier understanding of what might be the social,
economic, political, ethical and other consequences of the introduction of a new technology
into the society or a substantial expansion of an existing technology.” Since then,
researchers, governments, and businesses have expanded upon the concepts and ideas of
technology assessment, creating a highly active field of research and methodology
surrounding the principles [2].
Various technological frameworks have arisen from over four decades of research
and publications related to technology assessment and were categorized by T.A. Tran and
T. Daim [2] into methodologies for assessing public decision-making, and business and
non-governmental domains. The public decision making domain included methodologies
such as: emerging TA, environmental and integrated TA, decision analysis, risk assessment,
scenario analysis, impact analysis, and structural modeling and system dynamics. The
business and non-governmental domain was consolidated into: mathematical
models/synthesis model, information monitoring/surveying, scenario analysis and Delphi,

roadmapping, technology measurement, decision analysis, and cost-benefit analysis. As you
can see, there is significant overlap in the two domains as the evolution of the research
built systems of analysis compatible with multiple circumstances and scenarios, many of
which could be reused across the domains to reasonable effect.
For our case, business criteria as well as social and governmental constraints will be
important factors in determining recommendations on technology adoption. To contend
with the often incalculable complexities involved in technology assessment and its
incorporation into a social, political, and environmental context, researchers began
devising methodologies to incorporate various perspectives into the technology
assessment process. They became commonly categorized as multiple-perspective
analyses[3]. Multiple perspective analysis has led to the development of some common
treatments, such as PEST analysis (short for Political, Economic, Social, and Technological).
This macro-environmental framework proposes that technology assessments be conducted
by evaluating the overlying program and desired potential outcomes against the inherent
weightings and biases of these varied, often conflicting perspectives. This provides a richer,
more structured analysis than might be conducted ad-hoc, and a potentially more
insightful, inclusive result than a mathematical model that “cannot prove that a model gives
the most useful or correct representation of reality [3].”
The PEST tool is just that, a tool, and as such it can be modified or tailored to a
specific set of criteria or needs. Various derivatives have been designed to provide a
broader range of perspectives often missing in the limited scope of simple political,
economic, social and technological analysis. Common derivatives add additional
perspectives including: legal, environmental, demographic, ethics, and regulatory. This
results in a constellation of various multiple perspective analysis techniques such as
PESTEL, SLEPT, STEEPLE, and STEEPLED[4].
When evaluating criteria for analysis, it is important to “identify narrower contexts
and focus research questions around feasible and meaningful regional contexts [5].”
Because of this need to focus, we have chosen a slight modification of the PEST analysis
framework to include the environmental perspective into our review. Furthermore, we’ve
decided that addressing the complexities of the political realities between the businesses,
county, cities, state, and federal agencies is beyond the scope and capacity of this project
given itslimited duration. This leaves us with the perspectives of Technological,
Environmental, Social, and Economic that we will evaluate against the three potential
technologies (composting, gasification, and incineration) and how they might be leveraged
to successfully integrate into Tillamook County’s waste treatment goals.

Technology Introduction

Each technology will have an introductory section describing the technology and
how it is primarily used, and how it would play a role in fulfilling the needs of Tillamook
County. The introduction will provide a strong overview of each technology but is not in
itself meant to be an exhaustive description, but rather an overview of the best-practices
and known commercialized products within each technology spectrum.

Inputs &Outputs

In this section we review the various inputs required to operate a given technology.
In some cases, the waste streams themselves are the biggest input; in others, additional
feedstock, fuel, energy, etc. are required to accommodate the technologies function.

Technological Factors

We continue to build on the technology introduction by reviewing the requirements
of implementing a given technology, and diving into the specifics of the technologies
derivatives. Any additional technology requirements, R&D, preparations, or specialized
facilities or personnel are discussed within this section.
Typical technological factors that should be evaluated may include[6]:
 Basic infrastructure level
 Rate of technological change
 Spending on research & development
 Technology incentives
 Legislation regarding technology
 Technology level in your industry
 Communication infrastructure
 Access to newest technology
 Internet infrastructure and penetration
With the Tillamook project, core technological features involve technology maturity,
potential incentives, availability of appropriate land with the proper size and drainage, as
well as the ability to maintain and operate the technology long-term.
Technology Readiness
Technology readiness refers to the
assessment of a given technology for
deployment or commercialization; what
stage a technology is in and its maturity.
Many
organizations
including
the
Department of Homeland Security,
Department of Energy, and NASA have
begun utilizing technology readiness levels
ranging from simple meters and
descriptions to complex spreadsheets for
analyzing the readiness of a given
technology[7], [8], [9].
NASA has created just such a scale
with the “Technology Readiness Level
Calculator”which we will be using for our
assessment. This scale consists of nine
Technology Readiness Levels (TRL) with
level one being the most immature state,
and level nine being “flight proven” [9].
With the Tillamook County project,
available funds for implementation are at a

Figure 1 - NASA Technology Readiness Level

minimum and any technology or construction of a pilot waste treatment facility must be
highly mature. As such, any technology that is not firmly into stage 8, or more preferably in
the highly commercialized stage 9should not be evaluated further.

Environmental Factors

Looking at this generically, factors that might be under consideration when
evaluating environmental impacts include [6]:
 Weather
 Climate change
 Laws regulating environment pollution
 Air and water pollution
 Recycling
 Waste management
 Attitudes toward “green” or ecological products
 Endangered species
 Attitudes toward and support for renewable energy
With reducing the environmental impact in a sustainable manner being a primary
target for this endeavor, environmental factors and perspectives are important. This can
potentially include anything from reductions in carbon dioxide, or air pollution, to
pollutants and undesirable pathogens entering the water table. With certain technologies,
power might be generated offsetting carbon usage from other sources. Others create
biofuels that can be utilized to operate fleet vehicles on fuels like biogas and compressed
natural gas. It is important to understand the key environmental impacts of the current
practices and juxtapose those against the new technologies. In certain political and social
scenarios, these factors may outweigh economic of fiscal concerns if the source of
environmental disturbance is severe [6].

Social Factors

Trying to determine all the social factors that might impede or sway a project can
create a nearly inexhaustible list depending on the type, scale, and impact of a given
project. Common factors for review include[6]:
 Health consciousness
 Education level
 Attitudes toward imported goods and services
 Attitudes toward work, leisure, career and retirement
 Attitudes toward product quality and customer service
 Attitudes toward saving and investing
 Emphasis on safety
 Lifestyles
 Buying habits
 Religion and beliefs
 Attitudes toward “green” or ecological products
 Attitudes toward and support for renewable energy
 Population growth rate
 Immigration and emigration rates
 Age distribution and life expectancy rates

Sex distribution
Average disposable income level
Social classes
Family size and structure
Minorities
For this particular project, social factors are going to center around the public’s
acceptance of the facility, potential odors, and changes in local jobs (potential reduction in
transportation, increase in operations staffing, etc.).






Economic Factors

When evaluating the economic factors in a complex system such as the disposal or
treatment of these waste streams, may variables or criteria can be analyzed. A list of
criteria may include any of the following [6]:
 Growth rates
 Inflation rate
 Interest rates
 Exchange rates
 Unemployment trends
 Labor costs
 Stage of business cycle
 Credit availability
 Trade flows and patterns
 Level of consumers’ disposable income
 Monetary policies
 Fiscal policies
 Price fluctuations
 Stock market trends
 Weather
 Climate change
Working with the Tillamook project presents a complex interweaving of existing
economic and business relationships between over 100 dairy farms, hauling companies,
logging companies, and government agencies. Mix that with possible subsidies or incentive
programs, difficulty quantifying return per technology, and the constant fluctuation in oil
and gas prices accounting for a large swing in cost-estimations, and it becomes difficult to
accurately target the specific economic return. Rather than do a complete treatment, which
should be conducted in a later, more in-depth analysis of the finalist technologies, we will
simply review the economic viability and basic costs structure involved in operating each
technology. This will lay a strong foundation for future evaluation and study.

Summary

Our final section within each technology provides a brief summary of the findings
and a recommendation on whether or not each technology should be investigated further,
and some potential caveats or reasoning why one technology might be useful in certain
scenarios or in partnership with another technology.

Thermophilic Composting
Technology Introduction

Simply put, compost is organic matter that has been decomposed by aerobic
organisms; hence composting is the process through which aerobic microorganisms break
down organic materials into simpler, biologically stable forms[10]. The most commonly
composted materials are yard debris, wood waste, manure, and food waste. Composting
can take place naturally with little or no human involvement, or it can be actively managed
to speed the decomposition process and optimize the qualities of the end product.
Composting can be done with a very small amount of organic material or expanded to a
large-scale composting operation that utilizes a significant amount of land and can process
hundreds of thousands of tons of organic waste annually.
Given the cost to operate a large-scale composting operation, there must be value in
doing so. In fact, there are many benefits to composting as well as the use of the final
composted product. Since much of the material that is composted would have ended up in a
landfill, one benefit of composting is the reduction of needed landfill space which has been
of increasing concern [11]. Another important issue regarding landfilling of organic
materials is the formation of methane, a greenhouse gas and considerable contributor to
global warming [12]. A properly managed composting process can significantly reduce the
amount of methane gas formed during decomposition of organic materials that may have
otherwise been released into the atmosphere.
In addition to these environmental benefits, the resulting compost can be used in
horticulture, agriculture, land development, and farming to improve soil condition and
composition, resulting in better aeration and water retention while helping to reduce
topsoil erosion [13]. Improvement in soil tilth and fertility through amendment with
compost provides plant roots with better access to nutrients and minerals for healthy
growth [14]. In addition, quality compost can boost microbial activity and also supply a
stable form of nitrogen to plants that is less susceptible to leaching into water supplies
[15].

Basics of Composting
As previously mentioned, composting is the aerobic decomposition of organic
materials into a soil-like substance called compost (stabilized organic matter). During the
composting process, bacteria, fungi, and other microorganisms reduce complex organic
compounds into simpler substances [16]. The process is exothermic and in addition to heat
produces carbon dioxide, water, minerals, and compost [16]. The heat generated during the
decomposition process is important for the destruction of pathogens and weed seeds [JS6].
Raw materials or compost feedstocks are broken down at faster rates when conditions that
encourage growth of microorganisms are established and maintained [16].
The first condition to be optimized when composting is the mix of organic materials
needed to support microbial activity and growth. These materials or feedstock should be of
appropriate size and structure to ensure sufficient oxygen and moisture can be supplied to
the microorganisms during composting [16]. The choice and mixture of materials must also
be appropriate to provide microbes with the correct ratio of carbon (energy and cell
growth) and nitrogen (cell growth and function) [16]. Since microbes are more active in

warmer temperatures, this is also an important factor when composting. Once conditions
are optimized, then it is important to monitor and maintain them as best possible.
Composting starts once the correct materials are blended together and nature takes
action [10]. As microorganisms consume or use material in the decomposition process, it is
important to replace them to maintain the ideal conditions. This may require the addition
of more carbon and nitrogen containing materials (feedstock), water, and introduction of
oxygen by aerating or turning the pile. If these conditions are not maintained, then the
composting process may slow or stop altogether, emit offensive odors, and/or convert to
anaerobic digestion rather than aerobic decomposition [16].
The composting process can be divided into three phases based on the temperature
of the decomposing material [17]. The duration of each stage is highly dependent on
conditions and feedstock materials. During the first mesophilic phase, microorganisms
start the decomposition process by consuming readily available sugars and starches
resulting in the generation of carbon dioxide and energy in the form of heat [17]. This
phase is also marked by explosive growth of bacteria and fungi as pile temperature steadily
increases to over 100°F.
This mesophilic phase usually lasts only a few days and then will transition to the
thermophilic phase where pile temperature may soar to over 150°F while microorganisms
actively breakdown proteins, fats, and cellulose [17]. This phase may last days, weeks, or
months depending on the size and composition of the ingredients. Towards the end of the
thermophilic phase, the pile temperature will start to decrease as decomposition slows.
The remaining material is comprised of lignin, humus, and other resistant
compounds that will take much longer to decompose [17]. This is where composting enters
the final mesophilic phase known as the curing or maturation phase. Pile temperature is
under 100°F at the start of this phase and will continue to decrease over several months
until no more heat is being generated. It is at this point that the composting process, for
most intents and purposes, is considered complete [16].

Composting Methods
Although the decomposition microbiology remains the same, there are different
methods utilized for large-scale composting depending on the material to be composted
and resources available. The different methods have varying levels of process complexity
and maintenance, operational and capital costs, space requirements, and processing time.
The following sections briefly describe the most prevalent composting methods for largescale operations.
Windrow Composting
Windrow composting is one of the most common methods used in large-scale
composting operations [18]. Feedstock that has been processed to an acceptable particle
size and moisture content, and then blended according to a recipe in order to achieve the
correct carbon to nitrogen ratio, is piled in long rows (windrows). These windrows are
periodically turned using mechanized equipment to aerate the decomposing materials and
keep aerobic microbes active. Turning limits anaerobic microbial activity and keeps the
aerobic decomposition rate high thereby minimizing the overall composting time [16].
During the thermophilic stage of composting, oxygen is consumed more rapidly which

requires more frequent turning of the windrows[10]. Later, during the curing or
maturation phase, the windrows require less frequent aeration.
Large-scale composting operations generally use one of two popular types of
windrow turning equipment [19]. The most common is designed to straddle a windrow
and incorporates a rotating drum with flails that aerate and break composting materials
into smaller pieces as the equipment moves down the length of the windrow. This drumstyle turner is manufactured in a variety of sizes, allowing windrows up to 12 feet high and
20 feet wide. They can either be pulled by a tractor or self-propelled, but open spaces must
be left between the windrows to provide room for the equipment to operate.
The second type of equipment regularly used is called an elevating-face compost
turner. This machine has a wide sloping conveyor with vanes that lift the compost up and
over the top to completely invert the material. Since this method conveys all the material
over the top of the equipment as it moves along, open space between windrows is not
required [19]. This allows for more compost to be processed in less space, and is often
referred to as the extended (continuous) stack windrow method. Compost materials can be
piled up to 10 feet high and can cover the entire area available for composting.
Although windrow composting requires more labor to keep materials aerated
compared to other methods, it is still considered to be the least expensive method per ton
of compost [18]. It is also a very easy operation to setup since there are no special facility
engineering requirements. Since the system is managed manually, it is possible to adjust
mixture ratios by adding carbon or nitrogen rich materials, regulate moisture content, and
change the turning frequency. On the other hand, this method requires good process
control to prevent undesirable emissions and odors. Also, since the windrows are exposed,
birds or other scavengers may become a nuisance, and the process will need adjustment to
compensate for changes in seasonal temperatures and precipitation.
Aerated Static Piles
Aerated static piles (ASP) are similar to windrows, but they are not turned to aerate
the composting material. Instead, air is forced through the piles using a network of aeration
tubes or through a grated surface over which the pile is placed. A layer of large wood chips
several inches thick is often used as a base separating the piping and the feedstock to
facilitate an even flow of air up through the base of the pile [20]. Large wood chips are
again used as bulking agents throughout the pile to provide the porosity needed to ensure
even and consistent airflow.
Odor and emissions control is more easily accomplished when using the ASP
method since air coming from the pile can be directed into a biofilter which uses moist
organic materials to adsorb and then biologically degrade odorous compounds[16].
Covering static piles with finished compost or wood chips further improves odor control.
Wood chips used as bulking agents and pile coverings are often not completely
decomposed during the process so these are screened out and reused after the
thermophilic composting phase [20].
Since mechanical agitation and mixing of materials is not regularly done during the
ASP process, it is not commonly used for materials that need to breakdown physically as
this would significantly increase decomposition time [20]. Therefore, it is often used for
composting biosolids or feedstocks of similar consistency or homogeneity. If larger organic
materials are to be composted using this method, then it is recommended to use a chipper,

shredder, or other device to break the material into smaller pieces before piling. The ASP
method is an ideal process for the final curing phase of composting since larger particles
have already been degraded or removed via screening.
The mix of compost feedstocks must be carefully planned when using the ASP
method because additional materials cannot be mixed into the pile after formation to
adjust carbon or nitrogen levels. However, it is common to automate the control of other
key process variables such as moisture level, aeration, and pile temperature which reduces
the labor required for this composting process. The design and construction of an ASP
system is much more complex and costly compared to windrow composting, and also
requires a higher operational skill due to the addition of automation and controls [18]. Due
to these factors, the composting cost per ton can be significantly higher than windrow
composting.
Another added benefit to the aerated static pile method is that it generally requires
less land than windrow composting since leaving space for turning equipment is not
required[18]. This makes it more feasible to place the ASP composting process under a roof
or in an enclosed building, which is extremely beneficial when considering tight control of
temperature, moisture, odors, and potential nuisances such as birds or other scavengers.
Obviously, enclosing the operation within a partially or fully enclosed building greatly
increases the initial cost of starting a large scale ASP operation, but this may be necessary
when considering composting certain potentially odorous materials such as carcasses,
meat, or food scraps in a location where surrounding residents may be sensitive to such
conditions.
An alternative to constructing permanent structures is to cover the compost piles
with sheets of specialized fabric. Since the composting process generates a significant
amount of water vapor and carbon dioxide, these coverings are made of waterproof,
breathable fabrics to allow these byproducts to escape [18]. Use of this material protects
piles from scavengers, precipitation, wind, and other environmental conditions making
process control simpler. Manufacturers of these fabrics also claim that the coverings trap
odors in the condensate that forms on the inside of the membrane, which is then
reabsorbed in the material rather than released into the air [18]. Covering static piles does,
however, raise the cost of composting due to the high cost of the coverings and winding
equipment used to move them.
In-vessel Composting
Although, technically speaking, enclosed aerated static pile (fabric cover)
composting is considered in-vessel composting, for our purposes in-vessel composting will
refer to vessels that operate automatically to compost organic materials. In-vessel
composting equipment comes in a variety of designs and sizes, but all perform the same
basic functions. Mixed compostable material is fed into the vessel, and then an automated
control system monitors and adjusts the process conditions to keep them in the optimal
range. The system continuously monitors things such as moisture and oxygen levels, and
can then add water to the pile or agitate the material to break it into smaller pieces and
introduce air to the aerobic microorganisms. Composting can be greatly accelerated by
using this method since all process parameters are very tightly controlled and can be easily
adjusted [18].

Another important benefit to using in-vessel composting is the superior odor
control achieved. Since the system is fully contained, all gases and liquids from the process
can be captured or treated. In the case of gases, the air circulating through the vessel can
easily be directed to a biofilter, air scrubber, or thermal oxidation process. Liquid leachate
can be recycled back into the system to keep composting materials moist, or it can be
sprayed on biofilter media to keep it wet. The ability to control odor emissions means this
method is ideally suited for composting materials that may otherwise create issues for
those in close proximity to the composting site. Such materials include food waste,
livestock mortalities, and biosolids [21].
Similarly to covered aerated static piles, in-vessel composting reduces the impact of
environmental changes on the composting process and requires less land when compared
to windrow composting. Automated processing requires less manpower to operate the
system and also reduces operator exposure to composting materials. The major drawback
to this type of system is the high cost of purchasing and installing the equipment. In
addition, the complexity of the controls and automated equipment requires a higher skill
level to operate and maintain. For these reasons, in-vessel composting is generally
reserved for wastes that are difficult or problematic to break down [18].

Inputs& Outputs

Composting Inputs
Composting Recipe
The composting recipe is a critical input to quickly and efficiently breaking down
feedstock materials while minimizing generation of odors and flammable gases. The recipe
will also influence the quality and usefulness of the finished compost [16]. Essentially, the
recipe defines the mix of ingredients and process steps that will be used to compost specific
materials or feedstocks. The following variables are all important inputs to the composting
process that are defined by the recipe: type of feedstocks, carbon to nitrogen ratio, mixture
or blend of materials, particle size, oxygen level, moisture level, composting temperature,
composting time, and the method and tools used [20]. These inputs will be described in
more detail in the following paragraphs.

Feedstock
Efficient composting requires more than simply heaping organic materials into a
pile. In fact, the attributes of the specific materials to be composted will significantly
influence the entire process. Generally, a site or operation is setup to compost one or more
primary raw materials. The properties of those primary materials will determine, to a great
extent, what composting method will be used, what equipment is required, and what other
materials need to be mixed with the primary feedstock for optimal pile composition and
structure. Attributes of the primary feedstock that will make the largest influence on your
composting operation are carbon/nitrogen ratio, particle size, andmoisture content [16].
Addition of one or more secondary feedstocks can help to bring the structure and
composition of the overall compost pile into the correct balance. Mixing in carbon or
nitrogen-rich materials is common practice to bring the C:N ratio into the desired range.
Feedstock materials that are too large can be chopped, shredded, or ground to reduce

particle size. This is done to maximize the exposed surface area for quicker decomposition.
Particles between ½ inch and 2 inches are ideal to allow sufficient aeration, while smaller
particles may pack together making it necessary to add bulking agents to create space for
air in the pile [16]. Straw, wood chips, and corn stalks are examples of bulking materials
that can be used to increase carbon content and add porosity to the pile.
Moisture content is also a critical parameter of composting considering
microorganisms need both water and oxygen to decompose organic materials [16]. If
moisture level is too low, then microbial activity slows or stops. Conversely, high moisture
levels can reduce the amount of air spaces in the pile, which can slow decomposition or
lead to anaerobic microbial activity. Slurries or liquids containing solids may require preprocessing to reduce liquid content before composting. These materials can be separated
through a variety of methods, or liquids can be combined with large volumes of bulking
materials which can absorb a portion of the liquid and provide porosity in the pile. In all
cases, it is important to ensure a homogeneous mix of materials, moisture, and oxygen
throughout the pile for efficient composting [16].
Carbon/Nitrogen Ratio
During composting, microbes consume carbon and nitrogen that are in the organic
feedstocks for energy and growth [16]. These elements need to be available in the proper
proportion for efficient thermophilic composting [18]. This has been studied repeatedly,
and most will agree that the ideal proportion of carbon to nitrogen is somewhere between
25:1 and 35:1 depending on feedstock and methods used. If the compost mixture is too
high in carbon, then decomposition will occur very slowly or may stop altogether. If the
materials are too high in nitrogen, then oxygen will be consumed very quickly which can
result in anaerobic bacteria taking over and creating foul odors.

Moisture
Microorganismsneed water to support theirmetabolic processes and tohelp them
move and multiply [18].The ideal moisture content range for composting is said to be 40 –
60% [16]. If the moisture level is below 40%, then microbial activity slows, and all activity
will cease when below 15%. When moisture levels exceed 65%, water displaces air in the
pile leading to anaerobic conditions, odors, and slower decomposition. Initial pile
conditions can be adjusted as necessary by adding water or by separating liquids and/or
integrating bulking agents. Since evaporation and precipitation can change moisture levels
during composting, it is also important to monitor and adjust these levels throughout the
process.

Oxygen
The aerobic microorganisms that breakdown organic materials during composting
need oxygen to produce energy, breakdown materials, and grow[18]. These organisms
require oxygen levels greater than 5% to sustain microbial life [22]. If conditions lead to
levels less than this, then these aerobes die off and anaerobic organisms take over. When
this happens, decomposition slows by as much as 90% [22]. As stated previously, particle
size and pile porosity contribute to oxygen availability within compost piles. Oxygen is
consumed during the decomposition process, and particle size is reduced which in-turn
reduces pile porosity. Air must be reintroduced into the pile during composting to maintain

sufficient levels of oxygen for sustainment of microbial activity. This is done by turning or
agitating the compost pile, or by forcing air through the pile with blowers.

Temperature
Metabolic decomposition of organic matter is an exothermic (heat-producing)
reaction, and therefore is a good indicator of the composting process [16]. Temperatures
between 90°F and 140°F indicate good microbial activity and decomposition rates, while
lower temperatures may indicate a slowing of the composting process [22]. Temperatures
above 140°F reduce the activity of most organisms which is not desirable, and sustained
temperatures above 160°F will cause the microbes to die off and may also pose a risk of
spontaneous combustion [16]. Temperature can be regulated to some extent by controlling
air flow in aerated static piles or by turning of piles or windrows to release some of the
heat within.

Composting Outputs
Heat is generated and given off during composting, but the temperatures are
insufficient for sustained power generation. Some small farmers and home composters
have devised novel methods for capturing some of the heat given off and used it to heat
water or enclosed spaces such as greenhouses. For the large-scale compost operation,
arranging and moving heat recovery systems each time a pile is built or turned is likely to
add more cost than it is worth. This is not to say that operations that use buildings or
enclosures as vessels don’t benefit from the heat that is generated. This heat is likely a
welcome thing during cold winter months, but may also cause problems during hot
summers.
In addition to heat, water vapor is given off in copious amounts during composting.
If captured, this vapor may be condensed and used for a variety of purposes including
adding it back to compost piles or biofilters. Unfortunately, this raises the same concern as
trying to capture heat from compost piles. Unless composting is done in a vessel, it would
be difficult to capture this moisture without the use of specialized equipment, and then the
equipment would likely have to be moved when building or turning piles. Retaining
moisture during composting is one of the benefits of in-vessel composting as this reduces
the amount of water that must be added back to the compost pile.
Another output of composting is carbon dioxide gas. This is expelled along with
steam during the composting process. It is possible that small amount of other gases, such
as methane, are generated during the process, but if managed correctly this will be very
minimal. Carbon dioxide has many uses, but is by no means a valuable commodity to be
harvested and sold. Although it does contribute to global warming, it is also required by
plants for photosynthesis [23]. Interestingly, if mature compost is used to grow larger and
more numerous plants, then these plants will consume more carbon dioxide to offset what
is generated during composting.
The most evident output from composting organic materials is the decomposed,
stabilized matter called compost. Compost, sometimes called black gold, can be rich in
minerals and nutrients such as nitrogen, phosphorous, potassium, manganese, copper, iron,
and zinc [22]. It is often used as a slow-release fertilizer in gardens, lawns, and virtually
anywhere plants grow. Compost attracts earthworms and other soil organisms that help
further breakdown materials that release nutrients, and they provide some amount of

aeration in the soil as they burrow underground. Compost also has a neutral pH which can
help to maintain optimum levels in the soil for nutrient availability to plants [22].
Compost is also used to help control erosion due to its porous and absorbent
structure, and it is often used as a soil conditioner to improve soil tilth [22]. It can be added
to clay soils to improve air penetration and surface water drainage. Finished compost also
benefits sandy soil by enabling it to retain water and nutrients that would otherwise not be
retained. Compost is most often mixed with other soils before use to plant and establish
turf on sports fields, parks and other areas. As previously indicated using compost reduces
the need for chemical fertilizers and acts a natural disease suppressor, while replacing
beneficial organic materials back into the soil [22]. Composting recipes can be adjusted to
create compost with specifications to meet a variety of customer needs.

Technological Factors

Land-Use Zoning
In 2013 the Oregon Legislature signed into law additional requirements for
approval of disposal sites for composting [24]. ORS chapter 524 and ORS 215.401 require
applicants to request in writing a pre-application conference with the county planning
department, a representative of the Department of Environmental Quality, any other state
or local agency with authority to approve or deny a permit, and any state or local entity
that would provide wastewater collection and treatment. Also required is a community
meeting to be held within 60 days after the pre-application conference. This meeting must
be held in a public location in the county with land use jurisdiction, and must be held on a
business day or Saturday (non-holiday) with a start time between 6 p.m. and 8 p.m.
Notification of the meeting and a brief description of the proposed disposal site must be
communicated by newspaper or other local media in a press release as well as sent to land
owners, residents, occupants, and neighborhood or community organizations within onehalf mile of the proposed composting site [24].
Permits & Licenses
The United States Environmental Agency Protection Agency states that management
of organic materials is regulated at the state level. This pertains to approval of site
locations, issuance of permits, and overall management. In the state of Oregon,
management of solid waste disposal including composting is managed through the Oregon
Department of Environmental Quality. Within the Oregon DEQ is the Land Quality Division
which manages the Solid Waste Program. Rules regulating Oregon composting facilities can
be found in OAR chapter 340, division 93, 96, and 97. These sections of the Oregon
Administrative Rules can be accessed from the Oregon Secretary of State website, and
should be referenced for complete details.
In Oregon, DEQ permits are required for large composting facilities or for
operations that compost materials that may pose a risk to human health or the
environment [25]. Composting facilities operating in conjunction with a Confined Animal
Feeding Operation such as a dairy may be covered under CAFO regulations. OAR 340-0960060 states that all composting operations processing 100 or more tons of feedstock per
calendar year require screening and a composting permit. Operations that process animal

carcasses, meat and other source-separated food waste also require screening and a permit
when processing 20 or more tons per year or 40+ tons using in-vessel composting [25].
The screening process allows the DEQ to determine the level of environmental risk
presented by the composting facility. Operations that pose a low risk will receive a permit,
while facilities that pose a greater risk may be required to submit a detailed operations
plan to the DEQ. The operations plan describes how the facility will operate to achieve
environmental protection for surface water, groundwater, air quality, and also for
pathogen reduction [25]. The DEQ will work in conjunction with operations that need to
develop or improve operational plans.
In addition to the required DEQ permit, any person who assumes the carcass of a
dead animal or parts of it for disposal or any use whatsoever, must procure a license from
the State Department of Agriculture as specified in ORS chapter 601 [26]. An application
must be submitted, and then a state officer will meet with applicant at the site where the
business is to be conducted to ensure the facility is suitable, sanitary, and conforms to rules
and regulations prescribed by the department. Per ORS 601.110, each place of disposal is to
be inspected annually.

Composting Facility Location
Site selection is an extremely important factor when creating or expanding a
composting facility. Factors such as acreage requirements, location, site characteristics, site
preparation costs, proximity to business and residential areas, proximity to water, and
potential environmental impacts all need to be considered. Before site selection it is best to
understand the type and volume of material to be composted so that a determination can
be made for best method to be utilized. The composting method and amount of feedstock
will determine how much land will be needed. It is prudent to plan for expansion of the
composting facility so it is best to acquire enough land for future growth.
Since the purpose of a composting facility is receive, process, and dispose of raw
materials, the site should be located near the primary feedstock source. Doing this will limit
the cost of transporting raw materials to the compost facility. Consideration of proximity to
consumers of the finished compost is also important, though the mass and volume of the
finished compost can be half that of the incoming raw materials. Roads leading to and from
the site must be adequate to support heavy loads, and the site itself should allow for easy
access and movement of semi-trailer trucks.
Proximity to residential areas, parks, businesses, and sensitive receptors such as
schools, day care, nursing facilities, and hospitals must be carefully evaluated to ensure the
facility does not create issues for the local community. Equipment noise, odors, birds or
other vectors, and site aesthetics may all be potential nuisances when located near
populated areas. Factors such as prevailing wind direction and velocity should also be
evaluated. Although a location far from town may reduce potential complaints, it is also
necessary to ensure the facility has access to utilities and manpower needed for daily
operation. Average temperature will also affect the amount of water needed to maintain
compost moisture, and water may also be necessary for dust and fire suppression.
Annual rainfall must be considered along with soil characteristics, slope, and
topography when evaluating site locations [20]. The site should be several feet higher than
the water table to reduce the risk of flooding, and must be located away from sensitive
water sources such as streams, ponds, and wells. To minimize the cost of site preparation

which may include grading and excavation, select land with minimal topography that is
well-drained and has a slight slope to prevent pooling of water. Since large-scale
composting usually involves large and heavy equipment, be sure to allow sufficient
clearance for overhead or underground utilities.

Facility Planning&Design
A well designed composting facility will require thought and consideration. The
design and layout will be dependent upon the raw materials and composting method to be
used, and it is not uncommon for operations to employ more than one method within one
site. Often, different methods or technologies are complimentary to each other and allow a
facility to process multiple types of feedstocks. Once primary feedstocks and methods have
been determined, it is important to perform mass balance calculations which will give you
a much better understanding of weights and volumes of corresponding inputs and outputs
for the operation [20]. Facility capacity, volume and flow of materials, process operations,
mixing ratios, and finished compost volume can all be more closely determined by
completing these calculations.
The first step in the composting process is to receive the raw materials. Access to
the facility should be planned to easily accommodate all size and weight of vehicles
expected for delivery of feedstocks. Many of these vehicles may be very large and difficult
to maneuver so sufficient space should be allowed for turning them without interfering
with the flow of other traffic including delivery trucks and employee vehicles. Since it is
necessary to track the volume and weight of materials going into and out of the facility,
plans must include weighing stations for trucks. If the facility will be receiving multiple
types of feedstocks, then it is a good idea to separate the drop-off areas to keep similar
materials together. This will reduce the transportation of feedstock after drop-off and
simplify its management. Vehicles picking up finished compost may also use the same entry
and exit points so it is important to plan for the proper quantity and efficient flow of
vehicles including those of employees.
If materials come into the facility already separated, then sorting may not be
required. If you are to receive mixed materials, then it is important to include an area for
separating and classifying [20]. This may include screening, hand picking, magnetic
separation, or other means of sorting which may be better done inside an enclosed area to
protect workers or automated equipment from the elements. The enclosure can also
provide protection against birds and other scavengers, and may allow the exchange of air
through a biofilter to remove odors as per OAR 340-096-0070(6) and 340-096-0150 [25].
In addition to separation, other pre-processing may be necessary to reduce and
homogenize the size of raw material particles [20]. This may include chipping, grinding,
shredding, or other means of size reduction. As previously mentioned, size of feedstock
particle plays a key role in decomposition rate and pile porosity.
Once materials are received and pre-processed, then it is time to mix them
accordingly to achieve the optimal carbon to nitrogen ratio, moisture content, porosity, etc.
This can be done manually or automatically, but space for this procedure or equipment
must be included in the site design. Finally, it is time to place the prepared materials into
vessels, windrows, or static piles for the first phases of composting. If composting is to be
done in windrows or piles, then it is necessary to consider whether to compost on bare soil,
gravel, or concrete and also to plan for capture of runoff water and compost leachate as per

OAR 340-040, 340-096-0070, 340-096-0120 and 0130 [25][27]. Regardless of the
composting method to be utilized, sufficient space must be allowed for the volume of
materials to be composted and the equipment needed to manage the composting process. If
possible, extra space should always be allotted for process and capacity expansion.
Finished compost needs to be cured and matured to prepare it for use by consumers
[16]. Regardless of the method used for the initial composting phases, curing is generally
done in piles or windrows [18]. This is done to allow the materials to continue
decomposing, but at a much lower temperature so that worms and other invertebrates can
assist in the process [22]. The maturing phase can take as long or longer to complete than
the aggressive thermophilic phase so more space may be required, but the composting
materials will generate less heat, CO2, and steam. Curing takes place just as the initial
phases of static pile and turned-windrow composting, so all the same guidelines should be
followed regarding location, spacing, processing, etc.
During facility and site planning, keep in mind that each of the composting
processes takes place in its own area, and materials need to be easily moved from one area
to the next. Therefore, leave enough space for process and transport equipment. After
curing of compost it may be beneficial to do a final screening to sort particle size according
to specifications and remove any inorganic materials or large pieces that were not fully
broken down [22]. Any materials that were not fully decomposed can then be recycled back
into the composting system. The final screening operation will require additional space and
processing equipment. Unless compost is immediately delivered to consumers, it will need
to be stored temporarily. Incorporate the needed storage space and load-out areas into the
facility plan.
In addition to all the space required for the composting processes themselves,
include plans for additional buildings to house offices, maintenance facilities, storage of
equipment, etc. Once all the necessary buildings, processing areas, and access roads have
been incorporated into the plan and a layout drawing of the site with these amenities is
prepared, then it is essential to design water collection systems to handle non-contact
stormwater as well as leachate and other water that comes in contact with composting
materials [25][27]. These systems generally comprise a network of drains, pipes, and
storage vessels or ponds to collect and retain water for controlled discharge or treatment.
As mentioned previously, refer to OAR 340-040, 340-096-0070, 340-096-0120 and 0130
for Oregon rules and regulations [25][27].
Operation Plans
In some cases the DEQ will require a detailed operations plan to ensure compliance
with local, state, and federal laws that pertain to environmental protection [25]. The plan
outlines how a facility will operate in accordance to these laws and how they will reduce
overall impact to the environment. The plan also outlines steps to be taken to mitigate risks
to the environment, and reaction plans that will be employed in the event of an incident. In
any case, operation plans are helpful to pre-determine and document process inputs,
procedures, process control methods, risk management, and record keeping. Included in
the overall operations plan are several key environmental protection policies such as
surface and groundwater protection, air quality control, pathogen reduction, and vector
control. If necessary, the DEQ will work with facilities that need to develop or make
improvements to their operational plans

Pathogen Reduction
There are federal and state regulations that specify critical composting parameters
to ensure the reduction of dangerous pathogens for the protection of human health and the
environment [25]. OAR 340-096-0140 requires all permitted composting facilities to
document and implement a pathogen reduction plan which must include a Process to
Further Reduce Pathogen (PFRP) as detailed in 40 CFR Part 503 Appendix B. These
regulations require active compost pile temperatures to reach 55 degrees Celsius or higher
for three days when using either in-vessel aerobic composting or static aerated pile
composting methods. When using the windrow composting method, the temperature of the
active composting pile must be maintained at 55 degrees Celsius or higher for 15 days or
longer, during which time there must be a minimum of five windrow turnings to ensure all
materials have reached this material.
All permitted composting facilities must also test finished compost for verification
of pathogen reduction [25]. Test type and frequency is determined by the type of
feedstocks processed and the amount of compost generated. Generally, tests for salmonella
and fecal coliform are performed. Please refer to OAR 340-096-0140 for complete details
regarding pathogen reduction requirements.

Compost Testing
Testing of finished compost is not required by federal or Oregon state laws, but
there is some value in knowing the quality of the compost being generated. Since some
nutrients and minerals can be lost during the composting process, testing can give
composters more information on how the composting process is performing [16]. They can
also provide detailed compost quality information to customers for their use. Testing can
measure chemical, physical, and biological characteristics of compost. Test parameters may
include: percent solids, biochemical oxygen demand (BOD), pH, soluble salt content,
soluble nutrient levels (nitrogen, phosphorus, potassium), organic matter content (carbon),
particle size, maturity (bioassay), stability (respirometry), trace metal content, and
presence of weed seed and pathogens.

Technology Readiness
Humans have been composting for over 2000 years, but most of what we know
about the science of composting came about through research performed within the past
50 years [22]. Decades of testing and scientific research have increased our knowledge of
how composting benefits soil, plant growth, and the environment in general. This
experience has led to the introduction of a variety of composting methods and technologies
which are widely used in today’s composting facilities. These methods can be tailored to
effectively break-down all organic waste into useable end-products, and as composting
becomes increasingly popular, the number of facilities continues to increase rapidly.
The science and technology of composting is very mature and well understood. The
methods have been proven and widely used which greatly reduces the risk associated with
starting a new composting facility or operation. Facilities around the world have been
actively composting biosolids, animal mortalities and manure, yard waste, wood waste,
food waste, and other organic materials for many years. With proper planning and
acquisition of needed resources, composting is a very viable option for the break-down and
recycling of organic waste materials generated by Tillamook’s timber and dairy industries.

Environmental Factors

Composting can have a positive effect on the environment by reducing the amount
of landfill space needed for waste disposal, reducing greenhouse gases generated during
anaerobic decomposition, and by adding nutrients back into the soil through the use of
finished compost [12]. Amending soil with compost also helps to improve soil conditions,
reduce erosion, and decrease the need for addition of synthetic fertilizers for plant growth
[16]. According to the EPA, composting treats volatile organic compounds and degrades
pesticides, preservatives, and both chlorinated and non-chlorinated hydrocarbons. It has
also been show to bind heavy metal contaminates preventing pollution of water sources
and absorption by plants [28].
Although composting can be very good for the environment, it is not accomplished
without some amount of risk. These risks are minimized when managed properly, but
composting operations can potentially have a negative impact on water and air quality. To
reduce potential issues, the EPA has developed very detailed laws and regulations for
composters. Included in these laws are methods and guidelines meant to ensure the
protection of air and water quality near the composting facility and also for the
environment in general. It is very important for composting operations to develop process
controls and to follow best-practices to reduce potential negative impacts on the local
environment and its residents.

Social Factors

Many of the environmental factors can also be considered social factors since people
have become more aware of the impacts humans have on the global environment. This
growing environmental movement has made waste reduction, recycling, and composting
widely-accepted and desirable. As such, there is not a lot of opposition to composting, and
most people recognize the benefits of doing so. If problems are to arise concerning largescale composting, it will likely be due to the concerns of residents and business owners
near the facility. These concerns may include the appearance and cleanliness of the site,
noise generated by equipment and trucks, traffic concerns, odors, or attraction of birds and
other scavengers. If managed properly, and when EPA guidelines are followed, these issues
should be minimized greatly.
The positive social aspects of composting are numerous and far reaching. Most
people are aware of the environmental benefits, and this has resulted in many
organizations, communities, and cities taking responsibility for setting up programs to
make recycling and composting simple and easy to do. Partnerships between cities and
composting facilities have been created to provide teaching opportunities, reduce the load
on landfills, generate a useable end-product, and to create employment opportunities. This
model of community awareness, support, and responsibility is growing throughout the
country and the world.

Economic Factors

There are a variety of economic factors when considering startup of a large-scale
composting facility. There is the cost of land and capital equipment, design and
development of facilities, and cost of permits and licenses. There are also operation and
maintenance costs which include utilities, repairs, labor costs, etc. In addition to these
factors, it is important to consider the availability of raw materials, how they will be

transported, and how much to charge for accepting the materials to be composted. Finished
compost can be sold, but how much to charge and how to package and deliver the endproduct is also an important factor in the overall economic analysis.
The cost of building and operating a large composting facility varies greatly
depending on a multitude of factors including feedstocks to be composted, the method to
be used, and the planned capacity of the operation. Although there are many variables that
will effect capital investment and operation & maintenance costs, a 2009 study by Rob Van
Haaren at Columbia University compiles cost information for comparing commonly used
composting technologies.
In his study, Van Haaren determines the capital and operational cost of different
types of composting facilities each with a fixed throughput of 40,000 tons of organic
material per year. Capital costs, which are annualized over 15 years at 6% interest, include
facility design, site preparation, building construction, leachate system, and all equipment
and machinery necessary for processing. Included in O&M costs is labor, overhead,
machinery and building maintenance, replacement system components, and site lease.
Potential revenue from sale of finished compost, which can vary from $10 to $30 per ton,
was not taken into account. Table 1 displays capital and O&M costs for each type of
composting facility [18]. Table 2 shows the calculated cost per ton for composting using
each method.
Table 1 – Composting capital cost and operations/maintenance costs by method

Capital Cost
O&M Cost (annual)

Capital and O&M Cost Estimates by Composting Method
Windrow
Covered Windrow
Rotary Drum, InComposting
Composting
Vessel Composting
$3,492,500
$7,350,000
$6,272,000
$473,000
$885,000
$5,200,000

Table 2 – Composting cost per ton by method

Estimated Composting Cost by Composting Method
Windrow Composting
Covered Windrow
Rotary Drum, In-Vessel
Composting
Composting
$22 per ton
$42 per ton
$147 per ton

In the state of Oregon, the fees charged for review of operation plan and annual
compliance checks are dependent on the amount of feedstock received by the facility
annually [29]. Current DEQ registration fees for new composting facilities and renewals
include $150 for environmental risk screening, $500 engineering review (if required), and
between $500 and $5,000 for operation plan review and approval. Table 3 shows the
review/approval fee schedule by annual volume received. Annual permit and compliance
fees for composting operations are also dependent on volume of feedstock received
annually [29]. Table 4 shows the annual compliance fee schedule by volume received. If
animal carcasses or parts of animals are to be received for composting, then a license must
be obtained from the Oregon Department of Agriculture. The cost of this license is $50 per
year.

Table 3 – Compost Facility Approval Fee

Oregon Compost Facility Plan Review/Approval Fee Schedule
Receiving between >100 and <3,500 tons per year
$500
Receiving between >3,500 and <7,500 tons per year
$750
Receiving between >7,500 and <10,000 tons per year
$1,000
Receiving between >10,000 and <50,000 tons per year
$2,000
Receiving between >50,000tons per year
$5,000
Table 4 – Compost Facility Compliance Fees

Oregon Compost Facility Annual Compliance Fee Schedule
Receiving between >100 and <3,500 tons per year
$100
Receiving between >3,500 and <7,500 tons per year
$500
Receiving between >7,500 and <50,000 tons per year
$1,000
Receiving between >50,000tons per year
$5,000

Summary

Composting is an extremely viable option for the decomposition and recycling of
organic materials from Tillamook County’s timber and dairy industries. This is a welldeveloped and widely-used technology that is proven to be effective for multiple types of
organic waste, and therefore is a level 9 technology on the TRL (Technology Readiness
Level) scale. Not only is it socially acceptable, but it is also environmentally friendly and
economically feasible. A large composting facility would benefit Tillamook County by
helping them dispose of large amounts of organic waste while creating jobs and saleable
compost.
More analysis should be performed to determine the best suited composting
method or combination of methods for the Tillamook County waste streams. Collection of
information regarding weather patterns, water tables, flood considerations and the like
must be considered when selecting a composting technology for wet environments such as
the Oregon coast. With the proper planning and facility design, composting can meet the
requirements defined by Tillamook County for disposal of industrial organic wastes.

Gasification, Pyrolysis
Technology Introduction

Gasification is a process that converts organic or fossil fuel based carbonaceous
materials into carbon monoxide, hydrogen and carbon dioxide[30]. This process is
achieved by reacting the material at high temperatures (1292°F) without combustion, with
a controlled amount of oxygen and/or steam. The resulting mixture is then called syngas or
producer gas and is itself a fuel. The power derived from gasification and combustion of the
resultant gas is considered to be a source of renewable energy if the gasified compounds
were obtained from biomass such as wood slash[31].

Pyrolysis, on the other hand, is a thermochemical decomposition of organic material
at elevated temperatures in the absence of oxygen (or any halogen)[32]. This process
involves simultaneous change of chemical composition and physical phase, and is
irreversible. Pyrolysis is a type of thermolysis, and is most commonly observed in organic
materials exposed to high temperatures. It is one of the processes involved in charring
wood, starting at 390-570 °F. Pyrolysis of organic substances is known to produce gas and
liquid products, and a solid residue called char which is rich in carbon[32].
Pyrolysis and gasification both turn wastes into energy rich fuels by heating the
waste under controlled conditions[33]. Both of these processes offer more scope for
recovering products from waste than incineration. From waste gasification, it is feasible to
produce hydrogen, which many see as an increasingly valuable resource. While this type of
recycling is rarely economically attractive under current market conditions, these
technologies do offer the scope for increasing recycling rates to achieve government
targets or address environmental concerns[33].
Gasification Process
The gasification reaction is a partial combustion at high temperatures yielding a
mixture of carbon monoxide, carbon dioxide, hydrogen, methane, water, and contaminants
including tar and particulate matter[34]. These gases can be burnt in a boiler or a propane
burner as it is produced. Depending on reactor conditions, these products may not be in
equilibrium and there may also be residual char. The necessary reaction temperatures are
readily obtained by using oxygen or air as the oxidant, with the reaction between oxygen
and carbon being exothermic (chemical reaction that releases heat).
Alternatively steam may be used as the oxidant, but an external heat source is
required since the steam/carbon reaction is endothermic (reaction that absorbs energy
from its surroundings in the form of heat). With air-blown gasifiers, the product gas is
diluted with substantial quantities of nitrogen. This lowers the heating value of the gas and
is an inert burden in subsequent process operations. Therefore, use of high temperature
and a controlled amount of oxygen will break down organic materials into a gaseous
product known as synthesis gas. Synthesis gas consists primarily of hydrogen (H2) and
carbon monoxide (CO), with traces of carbon dioxide (CO 2), methane, tar, and ash[34].
Pyrolysis Process
Pyrolysis is a process that utilizes high temperature (around 932°F) in the absence
of oxygen to decompose organic materials[32]. The rate at which heat transfer takes place

dictates the amount of char or pyrolysis oil that is produced. When the heat transfer rate is
fast, or at least 1022°F per second, the production of pyrolysis oil, or bio-oil, is favored[32].

Inputs& Outputs

Gasification operates at a higher temperature range to pyrolysis, with the addition
of an oxidant (either oxygen or air) and the outputs from a pyrolysis plant may be fed into
this process. Gasification of organic derived waste will produce a gas which can be
combusted to generate electricity and a char which usually requires disposal if no markets
are available. The gasification consists of four processes[35]:
1. Drying - by using heat (supplied by burning some of the wood), water evaporates
from the wood.
2. Pyrolysis - above 518°F (heat supplied by burning some of the wood) the wood
structure breaks apart chemically. Charcoal/char and tar-oil gases are created.
3. Combustion (oxidation) - (with a limited/controlled supply of air, this process is
also referred to as “flaming pyrolysis” in a gasifier). Part of the carbon (char) is
oxidized (burned) to form carbon dioxide (CO2), and hydrogen (H) is oxidized to
form water (H2O). A lot of heat is released, which is necessary for the next step.
4. Reduction - In the reduction area several key conversions take place, and these
require significant heat. Carbon (char) reacts with carbon dioxide and converts to
carbon monoxide. Carbon also reacts with water, “stealing” an energy atom
producing carbon monoxide and hydrogen gases. Some of the char also binds with
hydrogen to create methane, and some carbon monoxide reacts with hydrogen to
form methane plus water[35].
Inputs and Outputs of Pyrolysis Process
Pyrolysis, which often incorporates gasification, works best when the input waste is
carbon-rich, preferable sorted or pre-sorted[36]. Best results are obtained from single
stream wastes such as sewage sludge, plastics, wood, tires, or agricultural wastes. The
pyrolysis process produces a liquid residue and gaseous output, which may be combusted
to generate electricity. A solid slag is also produced which may require disposal or
additional processing.

Technological Factors

Gasification can recover the energy locked in biomass and municipal solid waste,
converting those materials into valuable products and eliminating the need for incineration
or landfilling. Biomass can also be blended with coal as a feedstock for electricity
generation to lower its carbon footprint[37].
Gasification is a reliable and flexible technology that converts carbon-containing
materials, including waste and biomass, into electricity and other valuable products, such
as chemicals, fuels, substitute natural gas, and fertilizers. Current developments in the
chemical manufacturing and petroleum refinery industries show that use of gasification
facilities to produce synthesis gas will continue to rise[38].
Gasification does not involve combustion (burning), but instead uses little or no
oxygen or air to convert carbon-based materials directly into synthetic gas, or syngas[37].
Syngas is the immediate product that makes gasification so unique and different from
combustion. The gasification process breaks these materials down to the molecular level,

so impurities like nitrogen, sulfur, and mercury can be easily removed and sold as valuable
industrial commodities.
There are three different types of gasifiers: fixed bed, fluid bed, and entrained flow
gasifiers.

Fixed Bed Gasifiers
The two main types of fixed bed gasifiers are updraft and downdraft gasifiers[39].
The updraft fixed bed gasifier is the simplest one; the biomass is fed from the top, the
oxidizing agent from the bottom and the gas leaves through the top of the gasifier (Figure
2). In downdraft fixed bed gasifier the biomass and the oxidizing agent are fed into the top
or from the sides and the gas leaves at the bottom of the reactor (Figure 3). It faces
limitations in scaling (up to 1 MWel) and it has no flexibility with the fuel[39].

Figure 2 - Updraft Fixed Bed Gasifier

Figure 3 - Downdraft Fixed Bed Gasifier

Fluidized bed gasifiers
The principle of fluidized bed is that
air is passing up through the reactor, which
is filled with the bed material, and at a point
the pressure drop of the air will equal the
gravitational force of the particles[39]. At
this point the particles become suspended
and are termed fluidized.
Fluidized beds usually use quartz
sand as a bed material, but other bed
materials can be applied. The sand bed
enhances the heat exchange between the
fuel particles and increases mixing. The two
main groups can be distinguished: bubbling
fluidized bed (BFB) and circulating
fluidized bed (CFB). The principal
difference between them is the velocity of
the fluidizing agent[39].
Bubbling fluidized bed gasifier

In bubbling fluidized bed gasifier the
fuel is fed into or above the sand bed, the
oxidizing agent at the bottom moves at
speeds of 2-3 m/s resulting in bubbles and
syngas which leaves through the top of the
reactor via a cyclone that separates the
sand and fly ash from theproduct gas
(Figure 4)[39].

Figure 4 - Bubbling Fluidized Bed Gasifier

Circulating fluidized bed gasifier
In circulating fluidized bed gasifier,
the fuel is fed into the sand, the syngas
leaves on top of the cyclone and the
oxidizing agent is introduced from the
bottom at speeds of 5-10 m/s, which are
enough to suspend the bed particles
throughout the reactor[39]. Some of the
sand and char exit the reactor with the gas
flow, but they are captured in a cyclone,
which returns the bed material into the bed
(Figure 5).
Technology Readiness
Gasification of

fossil

fuels

is

currently widely used on industrial scales to
generate electricity. The application of

Figure 5 - Circulating Fluidized Bed Gasifier

renewable plant biomass resources for energy production is becoming increasingly urgent
worldwide, because it became evident that the sources of fossil fuel energy can be
exhausted dramatically with increasing industrial, transport, and agricultural outputs[32].
Technologies for fast pyrolysis of wood are progressing rapidly, which enables the
conversion of solid wood biomass into a liquid product, bio-oil, which can be used as a fuel
or as a raw material for producing valuable chemicals. Therefore, as a fuel, bio-oil is neutral
with respect to the release of carbon dioxide. Upon burning, bio-oil releases a low amount
of nitrogen oxide, and no sulfur dioxide is formed[32]. Bio-oil can be stored, pumped over,
and transported in the same manner as petroleum products. However, bio-oil has high
corrosive activity, high viscosity, and low heating values compared with the commercial
diesel fuel[40]. Bio-oil can be burned directly in boilers, gas turbines, and diesel engines for
heat and power supply[40].

Environmental Factors

All waste handling systems have emissions and environmental impact. The greatest
concern to the environment and the climate change issues are the gaseous air emissions.
Air emissions from biomass power plants include the gaseous products of sulfur dioxide,
nitrogen oxide, carbon dioxide, and water vapor[41]. According to the researchers, these
are similar to other solid fuels except that the biomass produces much lower levels of
sulfur dioxide emission than the combustion of coal and the carbon dioxide emissions are
not from fossil fuel sources.
Solid waste disposal plays a role in global warming including the greenhouse gases
(GHG) from waste combustion. Carbon is released into the atmosphere from the burning or
gasification/pyrolysis waste products made from trees and crops, which adds to
greenhouse gas levels in the atmosphere. Over time some of this carbon is taken up again
by new growth in forests, but in the short-term the damage is done[42].In addition,
biomass gasification/pyrolysis systems operate by heating biomass in an environment
where the solid biomass breaks down to form a highly flammable gas, methane. Methane
off-gas can penetrate the interiors of buildings near landfills and expose occupants to
significant levels of methane. Methane gas explosions are responsible for many deadly
mining disasters.
Emissions are reduced through managing the combustion process and through
costly treatment of the flue gas[41]. In gasification/pyrolysis process, the gas cooler and
the wet scrubber containing many soluble like hydrogen chloride, nitric/nitrogen oxide or
ammonia, that may produce wastewater and insoluble pollutants, such as acetic acid,
sulfur, phenol and other oxygenated organic compounds[43]. These chemicals canleach
into the water supply if precautions are not taken. However, gasification/pyrolysis
produces electricity with significantly reduced environmental impact compared to
conventional technologies[37].
Ash can also contribute to the environmental factors. It is the residual material of
gasification/pyrolysis left over from combustion. It generally consists of noncombustible
minerals in the fuel in salt form and may contain some partially combusted organic
matter[41]. In biomass power plants, ash may be collected in two places. Fly ash (small
particles) will be carried into the flue system and is removed by the emissions control
equipment (e.g. Bag house or electrostatic precipitator). Bottom ash (larger particles) will
accrue at the bottom of the boiler. Bottom ash is sometimes disposed of in landfills but it

may often be used as a solid amendment or fertilizer in agriculture or as fill for road
construction[41]Heavy metalsthat are found in the fly ash require disposal and are not
suitable for use as a fertilizer.
In addition, the transportation of waste to disposal sites produces GHGs from the
combustion of the fuel used in the equipment. Finally, the disposal of materials indicates
that new products are being produced as replacements; this production often requires the
use of fossil fuels to obtain raw materials and manufacture the items[42].

Social Factors

Gasification technology will brings good jobs to a community, such as construction
jobs to build a plant, and well-paying permanent jobs needed to run the plant[37].

Economic Factors

Gasification/Pyrolysis is an expensive process. Despite many years of research and
development there are few commercially proven gasifiers available and these are generally
very expensive ($5 million to $10 million per MW installed cost)[41]. The gas produced by
this process requires cleaning to remove the particulates, tar and water which are
damaging to engines and turbines.
Biomass is the preferred feedstock because biomass can provide base load power,
and there are ample biomass resources which are not considered fossil fuels. However, the
barriers to increase use of biomass to produce electricity are the availability and cost of the
biomass, combustion emissions (gaseous and ash), equipment and maintenance costs, and
variation in the biomass characteristics[41].
Gasification works best with relatively dry biomass. Changing the form of the
biomass has several cost implications as does selecting specific feed stocks[44]. These
changes have a very significant impact on the fuel costs and subsequently the costs of
operating the facility. An important item to note is the labor costs involved in gasification
process. One certified boiler operator is always required on-site at all times for operation of
any pressurized boiler. That operator will be in charge of operations of the gasification
system. The largest additional labor cost for the facility is for biomass handling and
logistics, such as requiring full time employees to stock fuel in the feed system, moving fuel,
and maintaining the cleanliness of all storage sites and equipment. The time estimate for
this is approximately 50 hoursper week per employee, with five 8-hour shifts during
weekdays and two 5-hour shifts on the weekends[44].
Managing the biomass gasification facility will also take additional labor for
activities such as tracking biomass purchases and shipping, quality control, and emissions
documentation. Estimates for this are that a little less than a half time position (15 hours
per week) would be needed to coordinate activities associated with biomass plant
operations. The final area where additional labor is needed is in maintenance, with an
estimated average of 20 hours per week needed. These are the average figures for
scheduled yearly downtime work, regular cleaning of components, and unscheduled repair
of components[44].
Another important factor to consider in gasification process is storage of biomass
feedstocks. This is especially critical for heavily processed biomass, which, if it gets wet,
will rapidly decay and introduce potential health and safety issues. Therefore, biomass
must be stored in a dry location once it has been ground or densified. While ground

material may survive unprotected for a few weeks, densified materials (pellets or
briquettes) can and most likely will be ruined by a single rainfall or extended exposure to
high humidity. Therefore, facilities using these materials should be prepared for enclosed
storage in protected bunkers or warehouse type buildings[43].
The logistics chain is probably the next most significant expense for biomass
systems. Gasification processes should be designed to significantly reduce the number and
scope of biomass handling operations that are required, and harvest site to facility
transportation should obviously be an important consideration. On-site at the conversion
facility, automation should be used to reduce the amount of labor required for biomass
movement. This is considered low hanging fruit for reducing costs associated with
biomass[43].

Other Factors

The development of biogas energy facilities in Oregon is subject to required permits
and standards[45]. A land use permit for a gasification and pyrolysis is required and is
handled by the city or county planning department where the proposed facility will be
located. The size and capacity of a gasification and pyrolysis facility determine whether
Oregon Department of Environment Quality (DEQ) regulations require application for an
Air Contaminant Discharge Permit. Furthermore, dust from transportation, storing and
handling biomass fuels also contributes to total particulate emissions from fuel storage and
handling and from pollution control equipment.
The facility will have to obtain additional information from the DEQ Land Quality
Division for solid wastes disposal the DEQ Water Quality Division for wastewater
treatment and storm water control. The gasification and pyrolysis facility that converts
biomass into a gas, liquid or solid fuel capable of being burned to produce the equivalent of
at least 6 billion Btu per day must also have a site certification from the Energy Facility
Siting Council[45].

Summary

Gasification has been reliably used on a commercial scale for more than 75 years in
the refining, fertilizer, and chemical industries. It has also been used for more than 35
years in the electric power industry. The world gasification capacity is projected to grow by
more than 70% by 2015, and it is an investment in our energy future[37].

Direct Combustion
Technology Introduction

Incineration of excess biomass has existed since ancient times.The technology
ranges from a simple burn pit, in which biomass is burned using an open self-sustained
flame, to wind screen incinerators that reduce the amount of biomass to anywhere from 210% of its original volume.Incineration can be used on both dry and wet biomass, but the
method used must adapt accordingly.

Inputs& Outputs

Burn Pile and Burn Barrel
The throughput of a burn pile or burn barrel is dependent largely on the size,
temperature, and material being burned.Given the high water content of corpses, they will
burn much more slowly than wood slash[46].The primary output concern with open burns
is the CO2, dioxin and furan emissions.Dioxins are a known carcinogen and can cause birth
defects when exposed to high quantities.Furan, while not as dangerous as dioxins, can be a
carcinogen when concentrations are high enough.

Moving Grate and Rotary Incinerator
Fixed location incinerators have widely varying throughput based on the designed
capacity of the system.Systems can have capacities of up to 3,000 metric ton per day or
even more when designed properly[47].Similar to an open burn, Dioxins and furans are a
concern.
Air Curtain incinerators
Air curtain incinerators have a range of throughput based largely on their size and
transportability.Total throughput can range from 1-10 tons of material per hour
(dependent on material being processed)[48].In order to process the biomass, some type of
accelerant and burning material is used.This requires both wood and diesel fuel to ignite
the fire and run the turbine[46].As an example, an operation to dispose of 500 adult swine
carcasses would require 30 cords of wood and 200 gallons of diesel fuel[46].

Technological Factors

Burn Pile
A burn pile is the most rudimentary method of incineration.This is simply piling the
biomass that is to be incinerated and igniting it[49].This is the most ancient form of
incineration. One of the notable uses of burn piles for disposing of carcasses was during the
1967 and 2001 due to foot and mouth disease[46].

Burn Barrel
This method, as its name implies, is similar to a burn pile but the incineration is
contained within a barrel.Some type of aeration holes are punched in the lower portion of
the barrel in order to provide oxygen to the flame.Grating is placed over the top to keep
embers from escaping.

Moving Grate
Commonly referred to as Municipal Solid Waste Incinerators (MSWIs), moving grate
incinerators move the material through a boiler where they are ignited by the high
temperature.Air is blown upwards to lift the material off the grate, ensuring a more
complete burn and to help cool the grate[50].The material is moved to an ash collection pit
where the ash is deposited.According to the waste incineration directive the flue gases
must be heated to 1,560°F in order for the toxic organic substances to be broken down[49].
Similar to moving grate is fluidized bed incinerating.In this type of incineration the
material is placed on a sand substrate.Oxygen is then pumped into the sand moving the
material so that it can be fully incinerated[50].
Both of these technologies allow for boilers to be added to the system so that power
can be generated.According to a study done for four plants of varying size using the two
separate technologies, smaller plants should consider fluidized bed incineration for its
ability to produce more efficient electricity than moving grate generators[50].However,
given a longer depreciation timeline, a larger moving grate type furnace is more
economical[50].The author did note that both technologies are good and feasible for power
generation[50].
The limitation for this is that the incinerator would have to be located in one
location.This creates a transportation problem in moving the biomass to the incinerator
location.While this would not be an expected problem for manure or animal carcasses, it
may be a problem for the wood slash as most moving grate style incinerators are designed
for incineration of household goods with a moisture content of 20% to 25%[46].Most
carcasses are around 70% moisture, and due to the short period of time that the material
spends in the burn chamber, most moving grate incineration facilities do not accept
carcasses[46].
Rotary Incinerator
Rotary incinerators are commonly used for disposing of industrial and hazardous
waste.The
waste
is
deposited into a rotating
drum that provides lift
and tumbling of the solid
waste which increases
the
incineration
rate[51].The
burn
temperatures range from
1,300°F to 2,400°F.Any
unburned waste moves
into
a
secondary
combustion
chamber
where additional air and
heat are added to ensure
complete
incineration[51].
Rotary

kiln

Figure 6 - Rotary Kiln

incinerators produce carbon dioxide, water vapor, oxygen, nitrogen, and acid gases from
the oxidation process[51].Wet scrubbers are then used to ensure clean air leaves the
exhaust stacks[51].Rotary kilns suffer from many of the same limitations as moving grate
incinerators in regards to processing carcasses and their stationary placement.
Air Curtain Incinerators
Air curtain incinerators work similar
to moving grate incinerators but keep the
biomass stationary.A diagram showing the
process can be seen in Figure 7.
Air is forced across the top of the burn
pile which must have some type of wood
fuel.This wood source must be chunks of
wood; chipped or ground wood is not usable
as the primary fuel for the fire[52].The
airflow over-oxygenates the fire and traps in

any particulates (smoke) allowing for more
complete combustion, with temperatures
typically above 2,000°F[53].This drastically
decreases the amount of smoke that is
produced and at the same time increases the
burn rate of the materials by up to six times
that of open pit incineration[46].
Several different models of air curtain
incinerators
currently exist.The
most
portable option is called a trench burner as
seen in Figure 8[48].The unit can be towed
behind a truck to the job site where a trench
is dug.The unit has a long arm that extends
from the engine and blower unit to create the
curtain over the trench[48].While this creates
additional work in digging the trench, it does
allow for a more transportable solution.
There are also skid mounted units that
are self-contained and are meant to be
delivered to a site and are a stand-alone,
above ground, unit (see Figure 9).The firebox,
fan, blower, and engine are all self-contained
and require no preparation or teardown[53].
Similar to the self-contained units a
small generator can be added.This generator
produces electricity from the heat energy
given off by the combusting biomass.This
electricity can then be fed back into the power
grid.This system is also modular so requires

Figure 7 - Air-Curtain Incinerators

Figure 8 - Trench Air-Curtain Incinerator

Figure 9 - Skid-Mounted Air-Curtain Incinerator

little to no setup and teardown.
Air screen incinerators can be set up in just about any location.This potentially
eliminates any problem with having to transport the biomass to the incinerator.However,
this does create a fire hazard unless proper fire extinguishing devices are present[53].
Technology Readiness

Burn Pile
Burn piles have been around for thousands of years.Their usage, containment,
effectiveness and pollution are well known.These are used by both large scale operations
as well as in small scale.The technology is extremely inexpensive but the pollution levels
and fire danger are of concern[54].
Burn Barrel
Burn barrels have very extensive use near larger metropolitan areas dueto their
ability to reduce the amount of particulate that makes it into the air, when compared to a
burn pile.However, the pollutants are of concern.The spread of fire is not nearly as high of a
risk as with a burn pile[54].

Moving Grate
Moving grate incinerators are extensively used by municipalities to incinerate solid
waste.This technology is very widely accepted and available.However this requires a
stationary plant that the biomass must be transported to.The pollutants are minimal as the
high temperatures ensure a complete burn of the material and the gases that are produced
from them.However, with a stationary plant most of these plants recycle the heat energy
into boilers to produce electricity that can be fed back into the power grid[50].
Rotary Incinerator
Rotary Incinerators are similar to moving grate incinerators in that they are
accepted and currently in use.However, similar to the moving grate incinerator they are
large and require a fixed location where the biomass must be brought to the site.However,
the heat energy can be used to produce electricity which can be fed back into the grid[51].

Air Curtain incinerators
Air curtain incinerators are currently in use, largely in the timber industry for wood
slash.Both self-contained skid mounted and trailer mounted can be easily set up on site to
ensure the most efficient travel distance for the biomass.If using a skid mounted air curtain
incinerator, a power generation unit can be added to help feed electricity back into the
power grid.The technology is quite mature, but the amount of fuel (wood and diesel)
required for incinerating carcasses can be quite high.
Air curtain incinerators are currently being used by many government entities; both
domestic and foreign[52].While the primary market for the incinerators has been the clean
wood industry (timber and construction), air curtain incinerators are also being used
overseas for biomass destruction to eradicate infectious diseases from plants and
animals[52].One of the more exotic uses of air curtain incinerators is to destroy contraband
that is deemed suitable for burning by the government[52].

Environmental Factors

Depending on the method used, incineration can range from very clean to a very
polluting process.

Burn Pile
There are many concerns with burn piles.First and foremost is the fear of the fire
spreading, or in the case of burning wood slash, forest fires[54].The other impact of an
uncovered burn pile is the toxic material released through the incineration process.In
particular, burn piles will produce fine particulate matter, sulfur dioxide, carbon monoxide,
PAHs, chlorobenzenes, metals, and dioxins[54].These toxins can cause respiratory
problems in peoplewhich may lead to asthma, chronic bronchitis, or even cause heart
attacks.
Specifically regarding the burning of carcasses of animals that were destroyed due
to disease, there is a concern that the disease can be spread through open air
transmission[46].Whether burning in a pit, barrel, or open pile, there are drastically
varying temperatures found in open burning[46].
Burn Barrel
This method is safer than a burn pile as it does not allow wind to distribute the
smoke and particulate matter[49].While Burn barrels do help minimize the amount of
particulate matter that is released into the air, it is only marginally better than a burn pile.

Moving Grate and Rotary Incinerators
From an environmental standpoint, moving grate incinerators are quite clean as
long as the gases and organic particulate are heated beyond 1560°F to render them
inert.The facilities can be kept quite clean, and the ash material is safe for disposal in
landfills.The ash is also used as aggregate in cement or as a filler in construction
projects[55].The heavy metals that precipitate in the incineration process can be harvested
and then recycled[55].
Most moving grate systems are designed to capture the heat energy and convert it to
electric energy as well as providing heat to the local area or into the neighboring
areas[55].This is an excellent opportunity to not only eliminate waste biomass, but also to
recapture some of the energy required to dispose of it for other purposes.
Air Curtain incinerators
The greatest environmental concern with air curtain incinerators is the spread of
fire due to the high heat and air velocity generated by the process.This can be accounted for
by ensuring proper fire extinguishing devices and services are available along with trained
personnel to handle an uncontrolled fire situation[53].
There is some concern around the amount of fuel needed to fuel both the curtain
incinerators and the burning pile[46].This issue can be minimized by the use of biofuels.To
ensure a more environmentally friendly process the biofuel can be derived from a
secondary biomass disposal process such as bio-oils from gasification of wood slash.Also,
this slash can be used to fuel the burning pile if burning carcasses or manure.
Due to the 2000°F temperatures produced when using an air curtain incinerator,
most of the toxic particulate and fumes are burned as they are “trapped” by the air

curtain[53].This means that there is little to no smoke given off by incineration which
makes this process one of the cleaner options available.
Also, when combined with a power generation unit, the electricity that is produced
from the burn process can be fed back into the power grid or potentially can power another
type biomass disposal technology[48].

Social Factors

Burn Pile
Burn piles create a societal dichotomy.Many people in rural areas do not mind the
smoke and remnants of burn piles.Many people who live in these rural areas may use burn
piles to dispose of most, if not all, of their solid waste as they may not have garbage
service.On the other hand people who dwell in more urban environments do not like seeing
towers of black smoke from fires and do not appreciate the smells and fumes they create.
Burn Barrel
Burn barrels are similar to burn piles in the dichotomy that they create in
society.Burn barrels should be treated as having the same societal impact as burn piles.

Moving Grate
Moving grate incinerators are not typically considered by most of society.The only
major impact that is seen from a social aspect is on taxpayers.The facilities can be costly
and have a limited capacity that must be considered[46].Also, fixed facility incinerators are
large and can be unsightly due to most modern fixed facility incinerators having a
secondary burn chamber to ensure particulate matter does not escape the process.While
this is not always of the utmost concern, it needs to be considered when choosing the
proper biomass disposal method.
Rotary Incinerator
Rotary incinerators fall into a similar social category to moving grate incinerators in
that they are expensive and are in a fixed location.This requires the transport of biomass to
the facility and can be large and unsightly.

Air Curtain incinerators
Air curtain incinerators are not generally seen by the public as they are
transportable.Usually they show up to a job site, do their job and are packed up and taken
elsewhere.Permits are typically required for burning, but that is a small thing to overcome
to ensure the proper disposal of biomass.One factor that does not to be considered is the
relative noise level that would be generated from the sound of a diesel engine and blower
running for 8-12 hours a day for several days to dispose of biomass.

Economic Factors

Burn Pile
Economically burn piles are incredibly inexpensive.They simply require a burnable
material for fuel (wood) and some type of accelerant to ignite it[46].However, for how
inexpensive the process can be, this must be considered against the toxic particulate and

pollution impact that can arise with burn piles.Also, should the fire become uncontrolled a
forest fire may have to be dealt with.

Burn Barrel
Burn barrels are as economic as a burn pile with the added expense of a steel
barrel.The spread of fire is not as big of a concern, but the particulate that is generated is
equal to burn piles.

Moving Grate and Rotary Incinerators
Using a landfill for the disposal of household items is more economical than
incineration[56].The average cost to incinerate household waste typically ranges from $25$100 per metric ton when compared to landfilling which ranges from $10-$40[56].This
means that the building of a moving grate incinerator would purely support the destruction
of biomass.It is widely accepted that moving grate incinerators, even when using the offset
costs of the electricity that is generated, are expensive to operate[56].Lastly, in building a
stationary moving grate incinerator the cost to collect and transport the biomass to the
facility must be considered.

Air Curtain incinerators
Air curtain incinerators require little investment when compared to moving grate or
rotary incinerators.The units are mobile and can be modular which eliminates any
concerns around transporting the biomass to the site.Also, the sites that would use air
curtain incinerators typically have the necessary equipment to dig a pit and load the fuel
and material to be burned.
The cost to purchase an air curtain incineration device for municipal use would be
about $54,000 delivered four to six weeks after purchase[52].The device could be owned
by the county and leased along with the issuance of permits for burning[52]
However, air curtain incinerators require fuel to run the units as well as fuel for the
fire (typically wood).This is an expense that cannot be ignored but can be mitigated by
using slash for the wood fuel and biodiesel derived from a recycling process as the fuel
source.

Summary

Incineration is a very viable option for the disposal of biomass.Given the above
factors it can be easily seen that the processes do have their own unique benefits in regards
to cost, environmental friendliness, and social perception.For these reasons and given
Tillamook County’s situation, the air curtain incinerator would be the best option.Several
units could be purchased for the county to lease to those who need them along with the
burn permits necessary.Transporting biomass can be a very costly endeavor as opposed to
transporting the ash derived from the incineration process.The process can be made even
more environmentally friendly with the addition of a power generation unit and the use of
biofuels.The flexibility that this offers would prove invaluable to the county.

Conclusion

Each of the technologies presented provides significant capabilities within specific
fields or usage scenarios. As such, any one of these technologies might be a good choice
given a project’s needs, but in this scenario, Tillamook County needs a mature solution that
provides considerable environmental benefits while minimizing costs. These are the most
significant driving factors, but secondarily, any implementation needs to be accepted into
the region and well-received and regarded as a positive, public good. These four factors,
Technological, Environmental, Social, and Economic provide the lens through which we
assess these technologies to accurately postulate their fit within the County’s restraints.
After reviewing each technology in depth, we can draw some conclusions as to their
viability as a pilot project for Tillamook County.

Incineration:

This is the simplest technology, widely adopted, and is already used in open burn
piles in order to minimize the timber slash at each harvesting site. Open burn piles are
inefficient and high on the pollution scale, both in greenhouse gas emissions and
particulate matter. This is the baseline from which to improve and modern incineration
technology does indeed provide suitable upgrades. Air curtain incinerators can be moved
to job sites, but they require operators, additional fuel, and have a significant initial capital
costs along with ongoing maintenance or replacement that would be required. The main
improvement is in the high temperature environment created which significantly reduces
toxins and particulate matter through a more complete combustion process. This is similar
with fixed-location incinerators; you reduce the amount of toxic pollutants, but there
remains a significant net energy input in addition to the initial and ongoing costs.
While any improvement to air quality is lauded, the carbon from timber slash is
primarily released into the atmosphere and the net gains (capital and operational
expenses) do not justify this mediocre step forward in reducing environmental impact.
Combine this lackluster improvement with the inefficiencies involved in burning highwater-content waste streams, which is the definition of the mortality carcasses and the
much larger manure waste streams, and you end up with a technology that doesn’t fit
Tillamook County’s needs. Leaving the slash to decompose naturally instead of burning it in
piles is the more viable, zero-cost solution.

Gasification

Next we have gasification, a technology that has been around a long time, but only
recently found strong market drivers with high petrol prices and the world’s growing
demand for renewable energy production. On a maturity level, this technology is proven,
but has less research efforts, and more importantly, less commercialization within our
regional and national market. It improves on the environmental output of incineration in
that you get usable products of char, biogas, and methane. These are great commodities if
you have the ability to resell them to a viable market, but it also means having consistent,
significant supply to make it scale. Given this is a carbon-oriented cycle involved, the best
feedstock is the timber slash, and again the technology suffers when applied to the other,
high-moisture-content waste. The amount of energy needed as an input far exceeds the
value of the end product on today’s energy and fuel markets.

Clever design could take this technology a bit further by providing interesting options,
such as producing compressed natural gas or biogas to power a fleet of County-operated
vehicles, but the economics of this quickly fall short unless the value in public relations
drastically outclasses the economic limitations. This is a technology we feel has a great future
in developing markets where insufficient access to petroleum requires alternate fuel sources,
or on projects that have a large, dry, consistent supply of high-carbon waste. That is not
Tillamook County.

Composting

As shown in our analysis, composting is highly mature; the technology is applied at
metropolitan levels to great success in both waste-stream reduction and public relations
triumph. Managing this natural process is well researched, relatively simple, and backed by a
competitive commercial industry. Composting is a technology that has been around a long time
and it improves the output related to all three waste streams. With timber slash you would
eliminateopen burn piles; the toxins, pollutants, particulate matter, and carbon entering the
atmosphere and environment would cease. For manure, you can already spread the feedstock
directly onto fields as a fertilizer, however when composted, your output product is a higher
quality, balanced fertilizer that has been cleaned of infectious disease and unwanted seed
contamination. This could significantly improve watershed management in the Tillamook area
while providing a product that can be immediately recycled back into the local farm ecosystem.
Bovine mortalities can also be incorporated directly into the composting process with little
modification or extra steps required. Guides published by government agencies as well as
recommended best practices from academic sources are readily available. Of the technologies
investigated, composting is the only one that handles all three waste streams with little or no
modification.
Composting has many variations and as such has a large range in initial, fixed, and
ongoing costs that makes it difficult to calculate specific returns. Unlike the other technologies,
the biggest investment will be in land, equipment, and operations monitoring and turning the
compost to ensure an efficient process and quality product. With a large commercial industry
of purpose-built equipment to support such an endeavor, composting is the closest thing to
turn-keysolution available given the constraints. The simplicity, paired with the industry
support, a saleable end product, and a viable market makes the initial analysis an easy
recommendation for composting as the most viable technology for Tillamook County to invest
in.

Further Research

All of these technologies need detailed planning with feasibility, cost, and site analysis.
With this technology assessment, we can clearly recommend that Tillamook County invest in
the next phase of implementation planning and focus on composting as a top-priority
technology. Even with the strengths of composting as a means to deal with these waste
streams, some costs and impacts will have to be born. Determining these costs, evaluating
savings created by centrally locating a facility, revenues from the sale of compost, etc. are
required to fully understand the fiscal implications of a pilot plant. If Tillamook County is
committed to improving the environmental impacts of its top industries, investments will have
to be made, but these investments will make a big difference in the regions environmental and
economic footprint. Composting is a mature technology that willhelp Tillamook Co. get there.
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